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Abstract of JP200301 9433 

PROBLEM TO BE SOLVED: To provide a 
discharge plasmas treating apparatus having 
an electrode by which high density plasma is 
generated in a remote type plasma treating 
apparatus capable of dealing with high speed 
large surface area treatment and free from 
giving damage to a base material. SOLUTION: 
In the plasma treating apparatus in which the 
discharge plasma obtained by mounting a 
solid dielectric at least on one counter surface 
of the counter electrodes, introducing a 
treating gas in-between the electrodes and 
applying pulse like electric field under a nearly 
atmospheric pressure is guided to a material to 
be treated which is arranged outside the 
discharge space and brought into contact with 
the material. The counter surface of the 
electrode has projecting and recessed portions 
in such manner that rectangular 
parallelepipeds are arranged vertically to the 
flowing direction of a treating gas, and the 
surfaces of the electrodes which face each 
other are arranged so as to face the projecting 
surfaces each other and the recessed surfaces 
each other. 
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1AIMS 
^laim(s)] 

ilaim 1]A solid dielectric is installed in at least one opposed face of an electrode which counters under a 
ressure near the atmospheric pressure, Discharge plasma obtained by introducing raw gas into inter- 
lectrode [ concerned J, and impressing a pulse form electric field, It is a discharge plasma processor 
taking a processed substrate arranged outside discharge space derive and contact, A discharge plasma 
rocessor being arranged and becoming so that a field which has the unevenness with which the opposite 
urface of an electrode was able to be located in a rectangular parallelepiped at right angles to a flow 
irection of raw gas, and where two electrodes face mutually may turn into convexes and concave surfaces 
Ulaim 2]The discharge plasma processor according to claim 1 , wherein a concavo-convex difference on thi 
urface of opposite of an electrode is 0.1-5 mm. 

Z\a\m 3]A solid dielectric is installed in at least one opposed face of an electrode which counters under a 
ressure near the atmospheric pressure, Discharge plasma obtained by introducing raw gas into inter- 
lectrode [ concerned ], and impressing a pulse form electric field, Are a discharge plasma processor 
laking a processed substrate arranged outside discharge space derive and contact, and in shape with 
/hich the surface of an electrode compared a pillar at right angles to a flow direction of raw gas. A discharg 
lasrna processor being arranged and becoming so that a field which faces mutually may become the peak 
f the circumference. 

Ulaim 4]The discharge plasma processor according to claim 3, wherein a diameter of a pillar which 
onstitutes the opposite surface of an electrode is 0.1-10 mm. 

3laim 5]A discharge plasma processor given in any 1 paragraph of claims 1-4 to which a pulse form electri 
eld is characterized by a pulse standup and/or falling time being 10 or less microseconds. 
Dlaim 6]A discharge plasma processor given in any 1 paragraph of claims 1-5 to which a pulse form electri 
eld is characterized by field intensity being 10 - 1000 kV/cm. 

3laim 7]A discharge plasma processing method which processes a processed substrate using a discharge 
>lasma processor of a statement in any 1 paragraph of claims 1-6. 
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ETAILED DESCRIPTION 

)etailed Description of the Invention] 
)001] 

: ield of the lnvention]This invention relates to the device which changed selectively the distance between 
le counterelectrodes in the device which carries out ordinary pressure plasma treatment of the processed 
bject in the position which is distant from discharge space especially about the ordinary pressure plasma 
eatment apparatus under the pressure near the atmospheric pressure. 
)002] 

Description of the Prior ArtjThe method of generating glow discharge plasma under low-pressure 
onditions, and performing thin film forming on the surface treatment of a processed object or a processed 
bject from the former, is put in practical use. However, a vacuum chamber, an evacuation device, etc. are 
squired for the processing under these low-pressure conditions, and the surface treatment device became 
xpensive, and when processing a large area substrate etc., it was hardly used.For this reason, the methoc 
f generating discharge plasma under the pressure near the atmospheric pressure has been proposed. 
)003]In a general ordinary pressure plasma processing method, as indicated to JP,6-2149,A, JP,7- 
5997,A, etc., In the inside of a processing tub, a processed object is installed in the parallel plate type inte: 
lectrode covered with the solid dielectric etc., raw gas is introduced into a processing tub, and the method 
f impressing voltage to inter-electrode and processing a processed object with the generated plasma is 
lainly taken. These methods make an even electrode counter in parallel, and process by arranging a 
rocessed object all over this inter-electrode space. 

i order to put the whole processed object on discharge space, it was easy to obtain processing strength, 
iut there was a problem that a damage would be easy to be given to a processed object. 

3004]On the other hand, it is easy to perform plasma treatment only to the particular part of a processed 
ibject, and the remote type plasma treatment apparatus which has a plasma gas diffuser at a tip has been 
leveloped as a device which can moreover process a processed material continuously. Although the 
>lasma generated in inter-electrode is blown off towards the processed object arranged outside discharge 
pace and the damage to a processed object is reduced, with plasma comparable as the conventional type 
i remote type has a problem of [ in processing strength ] a stake for obtaining, and higher-density plasma h 
equired for it. Although the inside provided with the ground electrode of a tubed coil and a coil has a 
lischarge plasma processor possessing the plasma generator using the parallel plate type electrode 



Dvered with the coil type plasma generator possessing an inner electrode, the solid dielectric of the couple, 
tc. in such a device, The electrode surface which counters was made into the field without unevenness. 
/hen an even electrode was made to counter in parallel and plasma was especially generated in ordinary 
ressure, the field which counters was made into the flat surface so that uniform plasma could be acquired 
i [ whole ] an electrode, but there was a problem that very much high-density plasma was not acquired. 
1005] 

'robierrKs) to be Solved by the lnvention]An object of this invention is to provide the discharge plasma 
rocessor which has an electrode which generates high-density plasma in the remote type plasma treatmer 
pparatus which can respond to high speed processing and large area processing, and does not give a 
amage to a substrate in view of the above-mentioned problem. 
>006] 

Cleans for Solving the Problem]ln a device which this invention persons make a processed substrate which 
as arranged plasma generated under atmospheric pressure conditions outside discharge space as a resul 
f inquiring wholeheartedly that an aforementioned probiem should be solved contact, and does not give a 
amage to a substrate and which is uniform and performs high speed processing, By changing an inter- 
lectrode distance which counters selectively in a field, it found out that high-density plasma might be 
enerated and this invention was completed. 

)007]Namely, an invention of the 1st of this invention installs a solid dielectric in at least one opposed face 
f an electrode which counters under a pressure near the atmospheric pressure, Discharge plasma obtaine 
y introducing raw gas into inter-electrode [ concerned ], and impressing a pulse form electric field, It is a 
ischarge plasma processor making a processed substrate arranged outside discharge space derive and 
ontact, It is a discharge plasma processor being arranged and becoming so that a field which has the 
nevenness with which the opposite surface of an electrode was able to be located in a rectangular 
aralleiepiped at right angles to a flow direction of raw gas, and where two electrodes face mutually may 
jrn into convexes and concave surfaces. 

)008]An invention of the 2nd of this invention is a discharge plasma processor given in the 1st invention, 
/herein a concavo-convex difference on the surface of opposite of an electrode is 0.1-5 mm. 
)009]An invention of the 3rd of this invention installs a solid dielectric in at least one opposed face of an 
ilectrode which counters under a pressure near the atmospheric pressure, Discharge plasma obtained by 
ltroducing raw gas into inter-eiectrode [ concerned ], and impressing a pulse form electric field, Are a 
lischarge plasma processor making a processed substrate arranged outside discharge space derive and 
ontact, and in shape with which the surface of an electrode compared a pillar at right angles to a flow 
lirection of raw gas. It is a discharge plasma processor being arranged and becoming so that a field which 
gees mutually may become the peaks of the circumference. 

D010]An invention of the 4th of this invention is a discharge plasma processor given in the 4th invention, 
/herein a diameter of a pillar which constitutes the opposite surface of an electrode is 0.1-10 mm. 
3011]An invention of the 5th of this invention is a discharge plasma processor given in the 1-4th ones to 
vhich a pulse form electric field is characterized by a pulse standup and/or falling time being 10 or less 
nicroseconds of inventions. 

0012]An invention of the 6th of this invention is a discharge plasma processor given in the 1-5th ones to 
vhich a pulse form electric field is characterized by field intensity being 10 - 1000 kV/cm of inventions. 



)013]An invention of the 7th of this invention is a discharge plasma processing method which processes a 
rocessed substrate using a discharge plasma processor of a statement to the 1-6th ones of inventions. 
I014] 

Embodiment of the lnvention]This invention installs a solid dielectric in at least one opposed face of the 
lectrode which counters under the pressure near the atmospheric pressure, The discharge plasma 
btained by introducing raw gas into inter-electrode [ concerned ], and impressing an electric field to this 
iter-electrode one, It is a discharge plasma device which is derived and contacted to the processed 
jbstrate arranged at the position which is distant from discharge space, and is processed, . [ whether it is 
rranged so that the field which has the unevenness with which the opposite surface of this electrode was 
ble to be located in the rectangular parallelepiped at right angles to the flow direction of raw gas and where 
vo electrodes face mutually may turn into convexes and concave surfaces, and ] Or it is the shape which 
ut the pillar in order and is a discharge plasma processor which is arranged and becomes so that the field 
tiich faces mutually may become the peaks of the circumference. This invention is explained in detail 
elow. 

)015]An example of the device of this invention is explained by a diagram. Drawing 1 and 2 are the typical 
ectional views explaining the device which derives the plasma generated in inter-electrode [ which 
□unters ] to the surface of a processed substrate, and carries out contact treatment. To the parallel plate 
fpe inter-electrode constituted from the electrodes 2 and 3 which counter in drawing 1 . It is a device which 
itroduces raw gas into an arrow direction from the raw gas feed port 4, impresses an electric field to the 
lectrodes 2 and 3 from the power supply 1 , generates plasma in the discharge space 5, blows off the 
lasma of raw gas from the plasma diffuser 6, and processes the surface of the processed substrate 7. 
)016]The disposal method by the device of this invention has that a processed substrate is directly expose 
little ] to high-density-plasma space, and is an outstanding method by which the electric thermal burden to 
le substrate was eased. 

)017]As shape of an electrode of using in this invention, it is a parallel plate type, and the opposite surface 
f an electrode has the unevenness which was able to be located in the rectangular parallelepiped at right 
ngles to the flow direction of raw gas as the section is shown in drawing 1 . Two or more heights 10 of 
9ctangular parallelepiped shape are formed in the surface on which an electrode counters. As for height h 
f heights, 0.05-5 mm is preferred, as for the width w of heights, 0.1-20 mm is preferred, and, as for the 
/idth s of the crevice which is the distance from heights to the following heights, 0.1-20 mm is preferred, 
"he electrodes 2 and 3 are arranged so that the field which faces mutually may turn into heights sides and 
ecessed faces, and as for the inter electrode distance d, 0.1-10 mm is preferred. As for the end of the 
leights 10, it is preferred to drop edge in order to avoid generating of arc discharge. The distance between 
ie recessed faces of two electrodes is below the distance which can be occurred by plasma also in 
itmospheric pressure. 

3018]ln this invention, the opposite surface of an electrode is the shape which arranged two or more pillars 
i the flow direction of raw gas vertically as the section was shown in drawing 2 , and the electrode which is 
irranged and becomes so that the field which faces mutually may become the peaks of the circumference 
:an also be used, raw gas — an arrow direction - passing - having - an electrode - one - 1 - and - two - 
- countering - the surface - **** - being cylindrical - plurality - heights - ten - 1 - providing - having - 
*** . As for the diameter I of a pillar portion, 0.2-10 mm is preferred. It is arranged so that the field which 



ices mutually in the electrodes 2 and 3 may become the peaks of the circumference, and as for the inter 
iectrode distance d, 0.1-10 mm is preferred. In drawing 1 a nd 2, the field where the electrodes 1 and 2 
Dunter is not illustrated, although covered with the solid dielectric. 

I019]ln this invention, by changing selectively an inter-electrode distance which makes an electrode the 
bove shape and counters in a field, when inter electrode distance is short, strong plasma occurs and 
snsity of the plasma which blows off from the remote sauce which is a device of this invention as a whole 
an be made high. Since the flow of raw gas is made to generate disorder in discharge space, the efficiency 
F a plasma reaction can be raised and a trout roe can do an electrode's own intensity further. 
)020]As for a plasma diffuser, it is preferred for a solid dielectric to be extended, to form a plasma inductior 
ozzle, and to provide a guide in an abbreviated perpendicular towards a processed substrate from a 
iffuser so that it may be easy to spray towards the place made into the purpose of the processed substrate 
rranged outside discharge space. Diffusion of plasma can be prevented by this guide. 
)021]As construction material of the above-mentioned electrode which counters, what consists of alloys, 
uch as metal simple substances, such as copper and aluminum, stainless steel, and brass, an intermetallk 
ompound, etc. is mentioned. 

)022]lt is necessary to install the above-mentioned solid dielectric in one side or the both sides of an 
pposed face of an electrode. A solid dielectric and the electrode of the side grounded stick, and cover the 
pposed face of the touching electrode thoroughly. If there is a part where electrodes counter directly 
without being covered with a solid dielectric, it will be easy to produce arc discharge from there. 
)023]A sheet shaped or film state may be sufficient as the shape of the above-mentioned solid dielectric, 
nd it is preferred that thickness is 0.01-4 mm. When too thick, high tension may be taken to generate 
ischarge plasma, when too thin, a dielectric breakdown may happen at the time of voltage impressing, anc 
rc discharge may occur. A container mold thing can also be used as shape of a solid dielectric. 
)024]As construction material of a solid dielectric, multiple oxides, such as metallic oxides, such as plastics 
uch as polytetrafluoroethylene and polyethylene terephthalate, glass, a silicon dioxide, an aluminum oxide 
i zirconium dioxide, and a titanium dioxide, and barium titanate, etc. are mentioned, for example. 
D025]lf the specific inductive capacity under 25 ** environment uses especially the solid dielectric which an 
3n or more things, high-density discharge plasma can be generated by the low voltage, and processing 
fficiency will improve. Although the maximum in particular of specific inductive capacity is not limited, with 
in actual material, it is available and about 18,500 thing can use it for this invention. Specific inductive 
rapacity is a solid dielectric of 10-100 especially preferably. As an example of a solid dielectric in which the 
ibove-mentioned specific inductive capacity is ten or more, multiple oxides, such as metallic oxides, such e 
i zirconium dioxide and a titanium dioxide, and barium titanate, can be mentioned. 
0O26]The electrode which was able to provide the above-mentioned solid dielectric and which counters ca 
>rovide two or more discharge space by arranging not only a couple but two or more electrodes face to fac 
Jy providing two or more discharge space, the plasma of mass raw gas can be generated and high speed 
>rocessing can be performed. 

0027]Although an electric field is impressed to the above-mentioned inter-electrode one and plasma is 
jenerated in this invention, it is preferred to impress a pulsed electric field and the electric field whose 
rtandup and/or falling time of an electric field are 10 or less microseconds is preferred especially. If it 
exceeds 10 microseconds, a discharge state will become being easy to shift to an arc unstable, and it will 



scome difficult to hold the high-density-plasma state by a pulsed electric field. Ionization of the gas in the 
ase of a plasma generation is efficiently performed so that build up time and falling time are short, but it is 
dually difficult to realize the pulsed electric field of the build up time for less than 40 ns. They are 50 ns - 5 
licroseconds more preferably. Time for voltage (absolute value) to increase build up time here continuously 
nd falling time shall refer to time for voltage (absolute value) to decrease continuously. 
(028]As for the field intensity of the above-mentioned pulsed electric field, it is preferred to make it become 
D - 1000 kV/cm. If processing takes time too much as field intensity is less than 10 kV/cm, and 1000 kV/crr 

exceeded, it will become easy to generate arc discharge. They are 50 or more kV/cm more preferably. 
)029]As for the frequency of the above-mentioned pulsed electric field, it is preferred that it is 0.5-100 kHz. 

processing takes time too much since plasma density is low as it is less than 0.5 kHz, and it exceeds 100 
Hz, it will biecome easy to generate arc discharge. More preferably, it is 1-100 kHz and processing speed 
an be greatly raised by impressing the pulsed electric field of such high frequency. 

)030]As for one pulse length in the above-mentioned pulsed electric field, it is preferred that it is 0.5 to 200 
licroseconds. Discharge becomes being less than 0.5 microsecond with an unstable thing, and if it exceed 

00 microseconds, it will become easy to shift to arc discharge. It is 3 to 200 microseconds more preferably 
lere, one pulse length means the ON time which one pulse in the pulsed electric field which consists of a 
^petition of ON and OFF follows. 

)031]The bottom of the pressure near [ above-mentioned ] the atmospheric pressure refers to the bottom c 
\e pressure of 1.333x10 4 - 10.664x10 4 Pa. Especially, pressure regulation is easy and the range of 
.331x10 4 to which a device becomes simple - 10.397x10 4 Pa is preferred. 

)032]Although shifting to an arc discharging state in an instant, without being stabilized except specific gas 
uch as helium and ketone, and holding a plasma discharge state is known under the pressure near the 
tmospheric pressure, By impressing a pulse form electric field, before shifting to arc discharge, discharge i 
topped, and it is thought that the cycle of starting discharge again is realized. 
)033]lt becomes possible not to stabilize time to result in an arc discharging state from the plasma 
ischarge state of helium etc. without the method of impressing the pulse form electric field of this invention 
nder the pressure near the atmospheric pressure, in the atmosphere which does not contain a long 
lgredient, and to generate discharge plasma. 

D034]According to the method of this invention, it is possible to generate glow discharge plasma regardless 
f the kind of gas which exists all over plasma generation space. Although it was indispensable to have 
•recessed also in the atmospheric pressure plasma treatment under a specific gas atmosphere within the 
/ell-closed container intercepted from the open air as well as the plasma treatment under publicly known 
:>w-pressure conditions, According to the glow-discharge-plasma-treatment method of this invention, 
irocessing by the open system or the low airtight system of the grade which prevents a free gaseous spill h 
ittained. 

D035]As raw gas used by this invention, if it is an electric field and the gas emitted [ plasma ] by impressinc 

1 pulsed electric field preferably, it is not limited in particular but various gas can be used by a processing 
>urpose. 

D036]As a processed substrate which can be processed by this invention, plastics, such as polyethylene, 
>o!ypropyIene, polystyrene, polycarbonate, polyethylene terephthalate, polytetrafluoroethylene, and an 



srylic resin, glass, ceramics, metal, etc. are mentioned. As shape of a substrate, although things, such as 
ibular and film state, are mentioned, it is not limited to in particular these. According to the surface 
eatment method of this invention, it can respond to processing of a substrate in which it has various shape 
asily. 

i037]ln the above-mentioned processing, arbitrary processings are possible by selection of the gas 
lenceforth the gas for processing) which exists in discharge plasma generated space. 
i038]As the above-mentioned gas for processing, the water-repellent surface can be obtained by using 
jorine containing compound gas, such as CF 4 , C 2 F 6 , CCIF 3> and SFg. 

)039]As gas for processing, oxygen-elements content compounds, such as 0 2> 0 3> water, and air, Using 

jlfur element content compounds, such as nitrogen element content compounds, such as N 2 and NH 3 , 

0 2 , and S0 3 , hydrophilic functional groups, such as a carbonyl group, a hydroxyl group, and an amino 

roup, can be made to be able to form in a base material surface, surface energy can be made high, and a 
/drophilic surface can be acquired. A hydrophilic polymerization film can also be deposited using the 
_Dlymerization nature monomer which has hydrophilic groups, such as acrylic acid and methacrylic acid. 
)040]The metal-hydride of metal, such as Si, Ti, and Sn, a metal-halogenated compound, Using the gas fo 
rocessing, such as metal alcoholate, Si0 2 , Ti0 2 , . Make metal oxide thin films, such as Sn0 2 , form, and 

lectric to a base material surface An optical function can be given, an etching process and dicing treatmen 
an be performed using halogen system gas, removal of a resist process or organic matter contamination 
an be performed using oxygen system gas, or surface cleaning and surface treatment can also be 
erformed with the plasma by inactive gas, such as argon and nitrogen. 

I041]lt is preferred to process from a viewpoint of economical efficiency and safety in the atmosphere 
iluted rather than the above-mentioned gas independent atmosphere for processing by dilution gas which 
i listed to below. As dilution gas, rare gas, such as helium, neon, argon, and a xenon, a nitrogen gas, etc. 
re mentioned. These may be independent, or may mix and use two or more sorts. As for the rate of the ga 
>r processing, when using dilution gas, it is preferred that it is one to 10 volume %. 
)042]lt is advantageous, when the direction of the compound which has many electrons as a controlled 
tmosphere raises plasma density and high speed processing is performed, as mentioned above. Therefore 
le selection most desirable after considering economical efficiency and processing speed as the ease of 
cquisition is an atmosphere which contains argon and/or nitrogen as dilution gas. 
)043]ln the atmospheric pressure discharge using the pulsed electric field of this invention, it is not 
ependent on a type of gas at all, and it is possible to produce discharge under atmospheric pressure 
irectly and to cheat in inter-electrode, and it is an atmospheric pressure plasma device by the electrode 
tructure and the discharge procedure which were simplified more, and a processing method, and high 
peed processing can be realized. The parameter about processing can also be adjusted with parameters, 
uch as pulse frequency, voltage, and an electrode spacing. 
)044] 

Example]Although this invention is explained still in detail based on an example, this invention is not limitec 
nly to these examples. 

)045]The etching process of slide glass was performed using the electrode of the shape shown in example 



drawing 1 . The product parallel plate type electrode made from SUS with a 150 mm[ in width ] x length of 
DO mm which coated the surface with alumina of 0.5-mm thickness is used for a counterelectrode, The 
istance d of the heights which the distance s from 2 mm and heights to the following heights made counter 
h / of the heights of an electrode surface / height / width / w / of 0.2 mm and heights ] 2 mm could be 1 .8 
im. However, since it was easy to become arc discharge for the edge of heights to be an acute angle, it 
as considered as the shape where heights edge was dropped. As raw gas, it introduced by CF 4 =800 

D/min+O 2 =200 cc/min and processed by V p p 18kV, the frequency of 10 kHz, 5 microseconds of pulse rate 

F rise, and 60 sec of processing time. It was 1 micron when the etched depth on the surface of slide glass 
fter processing was measured by Dektak. 

)046]The etching process of slide glass was performed like the example convex except using the remote 
auce which the electrode with the even surface which set comparative example 1 inter electrode distance 
s 1 .8 mm was made to counter. It was 0.85 micron when the etched depth on the surface of slide glass 
Fter processing was measured by Dektak. 
)047] 

Effect of the InventionjThe ordinary pressure plasma treatment apparatus of this invention are thermal to a 
rocessed substrate, and a simple equipment configuration [ respond / to high speed processing and large 
rea processing / it / and ] which does not give an electric damage. 

hen, since the electrode to be used changes an inter-electrode distance which counters selectively in a 
eld, it generates strong plasma when inter electrode distance is short, and it makes the flow of raw gas 
enerate disorder in discharge space, it generates plasma high-density as a whole, and can raise the 
fficiency of a plasma reaction. 

herefore, in the plasma processing method using this processing unit, it can use effective in realizing in- 
ne-izing and improvement in the speed. Thereby, shortening of processing time and a cost fall are attainec 
nd the deployment of them to various uses which were impossible or difficult is attained in the former. 
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ESCRIPTION OF DRAWINGS 

irief Description of the Drawings] 

)rawing 1] lt is a figure explaining the shape of the electrode of this invention. 

)rawing 2H t is a figure explaining the shape of the electrode of this invention. 

)escription of Notations] 
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0 and 10 1 electrode surface heights 
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